The type three secretion system (T3SS) operons of Chlamydiales bacteria are distributed in different clusters along their chromosomes and are conserved both at the level of sequence and genetic organization. A complete characterization of the temporal expression of multiple T3SS components at the transcriptional and protein levels has been performed in Parachlamydia acanthameobae replicating in its natural host cell Acanthamoeba castellanii. The T3SS components were classified in 4 different temporal clusters depending on their pattern of expression during the early, mid and latephases of the infectious cycle. The putative T3SS transcription units predicted in Parachlamydia are similar to those described in C. trachomatis, suggesting that T3SS units of transcriptional expression are highly conserved among Chlamydiales bacteria. The maximal expression and activation of the T3SS of Parachlamydia occurred during the early to mid-phase of the infectious cycle corresponding to a critical phase during which the intracellular bacterium has (i) to evade and/or block the lytic pathway of the amoeba, (ii) to differentiate from elementary bodies (EBs) to reticulate bodies (RBs) and (iii) to modulate the maturation of its vacuole to create a replicative niche able to sustain efficient bacterial growth.
Summary
The type three secretion system (T3SS) operons of Chlamydiales bacteria are distributed in different clusters along their chromosomes and are conserved both at the level of sequence and genetic organization. A complete characterization of the temporal expression of multiple T3SS components at the transcriptional and protein levels has been performed in Parachlamydia acanthameobae replicating in its natural host cell Acanthamoeba castellanii. The T3SS components were classified in 4 different temporal clusters depending on their pattern of expression during the early, mid and latephases of the infectious cycle. The putative T3SS transcription units predicted in Parachlamydia are similar to those described in C. trachomatis, suggesting that T3SS units of transcriptional expression are highly conserved among Chlamydiales bacteria. The maximal expression and activation of the T3SS of Parachlamydia occurred during the early to mid-phase of the infectious cycle corresponding to a critical phase during which the intracellular bacterium has (i) to evade and/or block the lytic pathway of the amoeba, (ii) to differentiate from elementary bodies (EBs) to reticulate bodies (RBs) and (iii) to modulate the maturation of its vacuole to create a replicative niche able to sustain efficient bacterial growth. Introduction T3SS mediates the translocation of bacterial effectors to the cytosol of infected cells to modulate 26 various host cell functions facilitating the survival and the replication of the bacterial pathogens 27 (Coburn et al., 2007) . The proteins that constitute the T3SS secretory apparatus are termed structural 28
proteins. An additional set of proteins termed "translocators" function by translocating virulence 29 factors called "effector" proteins into the host cell cytoplasm. T3SS genes are present in all Chlamydia 30 species examined to date and suggest that T3SS is essential for the survival of these strict intracellular 31 bacteria. Proteins that compose the T3SS secretory apparatus and translocators are for the most part 32 well conserved structurally and functionally among Chlamydiales spp. and genes encoding for these 33 T3SS proteins are found in distinct conserved genomic clusters (Betts et al., 2008a; Peters et al., 34 2007) . In contrast, T3SS effectors display little sequence homology and are much harder to identify, 35 except for some members of the family of T3SS secreted Inc proteins which are characterized by a 36 large bi-lobed hydrophobic domain that serves to anchor the proteins in the inclusion membrane 37 (Bannantine et al., 2000) . Effectors being the direct modulators of host cell functions and of unique 38 pathogenic properties, every bacterium has adapted its pool of effectors to survive and replicate in 39 their respective environmental niches, which likely explained the poor sequence conservation among 40 these secreted proteins. However, effectors proteins often display common structural traits and have 41 similar enzymatic activities among various bacterial species, including cytoskeletal rearrangement, 42 subversion of signaling pathways, activation or inhibition of apoptosis and modulation of intracellular 43 trafficking (Mota and Cornelis, 2005) . In Chlamydiales, effector proteins are secreted in the inclusion 44 lumen, inserted in the inclusion membrane or translocated in the cytosol of the host cell. A few 45 effectors have been identified so far in Chlamydiaceae including Tarp, inclusion membrane proteins 46
IncA to IncG, CADD, Mip and CopN (Beeckman and Vanrompay, 2010; Subtil et al., 2005; 47 6 Amoebae were infected with a MOI of 10 to ensure a nearly 100% rate of infection allowing thus the 78 study of a single replication cycle. As shown by confocal microscopy, between 5 to 10 infectious 79 bacteria were internalized into amoebae 1h post-infection ( Figure 1A ). The differentiation of EBs into 80
RBs was mostly completed 5h post-infection and inclusions containing multiple replicating bacteria 81 were observed 8h post-infection. Following a lag-phase characterized by the differentiation of EBs 82 into RBs, an exponential growth is observed between 5 and 16h post-infection as shown by 83 quantitative PCR ( Figure 1B) . The bacterial growth enters stationary-phase between 16h and 24h post-84 infection which corresponds to the beginning of the re-differentiation of RBs into EBs ( Figure 1A and 85 B). As shown in figure 1A , most of the amoebae are lysed 48h post-infection, releasing EBs in the 86 extracellular environment. Based on these data, the infectious cycle was classified as early-, mid-, and 87 late cycles. These times correspond to key developmental stages with (1) early cycle during which 88 bacteria are internalized in the host cell and differentiate from EBs into RBs, (2) mid cycle 89 characterized by exponential growth of dividing RBs and (3), late cycle consisting of the end of 90 bacterial growth, re-differentiation of RBs into EBs and finally release of EBs into the extracellular 91 environment ( Figure 1C ). 92
Identification of 16S rRNA as an optimal internal control to measure relative transcriptional 93 expression during a replicative cycle 94
Chlamydiales EBs and RBs are two developmental forms characterized by profound differences in 95 membrane composition and structure that play an important role in the efficiency of bacterial lysis 96 during DNA and RNA extraction procedures. Several lysis protocols compatible with the Promega 97
Wizard SV Genomic DNA Purification kit have been evaluated on samples collected at different times 98 corresponding to the different developmental stages that characterize the growth of Parachlamydia 99 within A. castellanii. These experiments showed that a specific lysis protocol including an incubation 100 of 2 hours with proteinase K at 55°C has to be followed to ensure efficient lysis of both EBs and RBs 101 since an incomplete lysis of EBs was obtained in absence of proteinase K treatment as measured by 102 quantitative real time PCR of the 16S rDNA gene ( figure 2 and supplementary figure 1 ). Thus, a 103 reduced amount of 16S rDNA was observed in absence of proteinase K treatment for samples 104 7 collected during early (0 to 4h post infection) and late-phase (36 to 48h post infection) of the 105 replicative cycle that are characterized by a significant presence of EBs whereas no difference was 106 measured during the mid-phase (8h to 24h) which is characterized by the sole presence of replicating 107
RBs. 108
The extraction of integral bacterial RNA is incompatible with proteinase K treatment at 55°C for 2 109 hours. Thus, the transcriptional expression measured by quantitative reverse transcription PCR (qRT-110 PCR) of several putative constitutively expressed housekeeping genes including 16S rRNA, gyrB, 111 secY, rpoB and hsp60 was compared to the amount of 16S rDNA extracted without proteinase K and 112 measured by qPCR during a replicative cycle of Parachlamydia in A. castellanii (Figure 2 ). The fold 113 increase of the different RNAs compared to the 16S rDNA showed that only the 16S rRNA was 114 constitutively expressed during a replicative cycle (Figure 2A ). The ratio of 16S rRNA / 16S rDNA 115 was of about 1 at each time measured during a replicative cycle whereas the ratio observed between 116 other transcripts with the 16S rDNA was greatly varying during the infectious cycle ( Figure 2B ). 117
Thus, the normalized expression of gyrB, secY, rpoB and hsp60 relatively to 16S rRNA demonstrated 118 that the expression of these essential housekeeping genes is rapidly induced following bacterial 119 internalization ( Figure 2C ). The transcriptional expression of these genes is then decreasing during the 120 late mid-phase of the replicative cycle when bacteria begin to convert from RBs to EBs. As a control, 121 the transcriptional expression of hc-1, the homolog of Chlamydia trachomatis hctB expressed during 122 RB to EB conversion, was measured during a replicative cycle ( Figure 2 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Temporal transcriptional expression of T3SS components. 131 Similar to other Chlamydiae, genes encoding for T3SS apparatus components are located in distinct 132 genomic clusters distributed along the chromosome ( Figure 3A ). Four genomic clusters containing 133 conserved genes encoding for the injectisome and the translocon apparatus and exhibiting a very 134 similar genetic organization than other Chlamydiae were identified in the genome of Thus, the transcriptional expression of the mRNA transcripts of every gene encoding for a protein with 138 a known function was analyzed by qRT-PCR ( Figure 3B ). The expression of the various T3SS genes 139 during the developmental cycle could be classified in 4 temporal expression clusters ( Figure 3B ). The 140 first cluster composed of the copB, sycD1 and sctU is characterized by a marked repression or lack of 141 activation during the early and mid-phases followed by a significant increased expression in the late-142 phase ( Figure 3B , EL). The second cluster including the sct Q/W/F/E/G/V/N genes is characterized by 143 a basal expression during the early and mid-phases and a significant increased expression during the 144 late-phase ( Figure 3B , L). The third cluster composed of sctC/L/J/T and the multi-cargo secretion 145 chaperone mcsc includes genes that exhibit a dramatic increased expression in the early and mid-146 phases followed by a decreased basal expression during the late-phase ( Figure 3B , E). Finally, the 147 fourth temporal cluster is composed of the putative predicted T3SS secreted effector pkn5 and of a 148
Parachlamydia secreted protein localizing to the replicative inclusion membrane (PahN) that are both 149 significantly highly expressed during the mid and beginning of late-phase ( Figure 3B , M). 150
Following normalization of expression with the highest temporal expression assigned to 100 and the 151 lowest to 0, a temporal matrix composed of the transcriptional expression of the measured T3SS genes 152 was generated ( Figure 4A ). These analyses strongly suggest that the expression of the genes that 153 encode for T3SS components can be classified in 4 major defined temporal clusters of gene expression 154 composed of early (E), early-late (EL), mid (M) and late (L) phase-expressed genes. 155 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  A bioinformatic analysis of the T3SS genomic clusters loci was performed with the fgenesB software  156 to predict transcriptional units and compared with mRNA expression analysis of T3SS genes. Except 157 for one gene (pkn5), the experimental qRT-PCR gene expression data are congruent with the in silico 158 prediction ( Figure 4B ) showing no discrepancies between temporal gene expression and association to 159 a predicted transcriptional unit. Thus sctU and sycD1/copB (cluster EL), sctC and sctJ/L/T (cluster E), 160 Parachlamydia and C. trachomatis ( Figure 4B ). Together these data suggest that T3SSs in 165
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Chlamydiales are not only conserved at the level of genetic sequence and organization, but also at the 166 level of gene expression. 167
Temporal protein expression measurement by western blotting: limitations of the technique. 168
Even though transcription and translation in bacteria are very often coupled, an analysis of protein 169 expression throughout an infectious cycle has to be performed to confirm that a similar temporal 170 expression of T3SS genes and their respective encoded proteins is observed. Proteins encoded by 171 genes belonging to different temporal clusters were selected for protein purifications and mouse 172 immunization programs. Two proteins, Mcsc and SctJ, encoded by genes expressed during early and 173 mid-phase (temporal cluster E), two proteins, CopB and SycD (Scc2), encoded by genes expressed 174 during the early and late-phase (temporal cluster EL) , and CopN (SctW) encoded by a gene expressed 175 during the late-phase (temporal cluster L) were selected. The antisera specificity and the protein 176 expression at different times of the infectious cycle were measure by western blot using specific 177 antibodies ( Figure 5 ). A major drawback of measuring comparative protein amounts during the 178 bacterial growth of obligate intracellular bacteria is the difficulty to normalize the amount of total 179 bacterial proteins collected at different times during the replication cycle. An increased in specific 180 proteins amounts in the late-phase of the replicative cycle may only be due to a significant increased in 181 bacterial numbers and not to a specific up-regulation of protein expression. Thus, specific antiserum 182 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  raised against whole bacterial cells was used as an internal control to monitor bacterial growth during  183   the development cycle. The expression of SycD and Mcsc was poorly or not detected by western blot  184   before the late-phase of the replicative cycle hindering the possibility to measure their Several studies have demonstrated that specific inhibition of T3SS with chemical compounds totally 237 inhibits bacterial growth in a dose dependent manner strongly indicating that this secretion system is 238 essential for the establishment of quantitative immunofluorescence approach allowing accurate measurement of protein expression was 255 used in this study. The expression analysis of selected T3SS proteins encoded by genes belonging to 256 different temporal clusters showed that a similar temporal pattern of transcriptional and protein 257 expression was observed for each of these genes (copB, mcsc, sctJ, pahN, sctW). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 of the molecular techniques used in the different experimental assets. The regulation of the T3SS 292 expression in Chlamydiales is poorly understood. T3SS genes and operons are preceded by predicted 293 E. coli σ70-like promoter elements but no transcriptional regulators have yet been identified ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Regulation of the T3SS during the replicative cycle might be operated through the controlled temporal 344 expression of some components required to initiate protein-protein interactions or functionality. In conclusion, the differential temporal expression of T3SS components during the replicative cycle 363 of Parachlamydia suggests that the maximal expression and activation of T3SS injectisomes occurs 364 during the early to mid-phase of the infectious cycle, which corresponds to a critical phase during 365 which the intracellular bacterium has to evade and/or block lytic effectors of the amoebal host cell, to 366 differentiate from EBs to RBs and to modulate the maturation of its replicative vacuole to create 367 replicative condition able to sustain efficient bacterial replication. Based on several studies mainly 368 performed in other bacteria than Chlamydiales, the functions of several T3SS components are well 369 described whereas for other components, no functionality has yet been attributed. In addition of a 370 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 described enzymatic, regulatory or structural function, a temporal activity remains to be characterized 371 for many proteins that compose the chlamydial T3SS machinery. The T3SS machinery is likely a 372 dynamic structure which can fluctuate during a replicative cycle to modulate its functionality. The 373 expression of each component of the T3SS during the replicative cycle depends of several molecular 374 criteria including function, activity, stoechiometric ratio, stability and turnover of each protein. In 375 addition, some proteins might be shared between different apparatus of the cell. Finally, recent data 376 strongly suggest that unlike other described bacterial species, the Chlamydiales T3SS is likely deeply 377 involved in additional roles than solely protein secretion and translocation (Peters et al., 2007) . For 378 instance, the attachment to inclusion membranes and the differentiation of RBs into EBs may be 379 controlled by the T3SS. Thus, differential temporal expression of various components of the 380 chlamydial T3SS may be required to modulate these multiple regulatory activities. 381 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 castellanii with limiting serial dilution of a bacterial filtrate confirmed that most collected bacteria are 396 living cells. 397
Experimental procedures
Wells containing 10 5 amoebae were infected with a 10 6 bacteria/ml suspension corresponding to a 398 multiplicity of infection (MOI) of about 10. Plates were centrifuged at 1790 × g for 10 min at room 399 temperature. After 30 min of incubation at 32 °C, amoebal cells were washed with RPMI-HEPES and 400 further incubated for different periods at 32 °C in RPMI-HEPES supplemented with 200 mM L-401 glutamine and 10% fetal calf serum. 402
Confocal microscopy. Infected amoeabe were washed with PBS, fixed with ice-cold methanol for 4 403 min. Cells were then washed three times with PBS and were then blocked and permeabilised for 1h in 404 a blocking solution (PBS/0.1% Saponin/10% fetal calf serum). Coverslips were incubated with 405 primary mouse antisera directed against different specific proteins (CopB, SycD1, Mcsc, SctW, SctJ, 406 PahN) or against total whole cells of Parachlamydia for 1h at room temperature in blocking solution. 407
After washing three times with PBS/0.1% saponin, coverslips were incubated for 1h with secondary 408 anti-mouse antibodies in blocking solution containing concanavalin A (Invitrogen, Basel, Switzerland) 409 and DAPI (dilactate, D3571, Molecular Probes, OR, USA) to counterstain amoebae and label DNA, 410 respectively. After two washing in PBS/0.1% saponin, two in PBS and one with deionised water, the 411 coverslips were mounted onto glass slides using Mowiol (Sigma-Aldrich, MO, USA). Cells were 412 observed on a confocal fluorescence microscope (Zeiss LSM710 Meta, Jena, Germany). Files were 413 analysed using Image J for microscopy (www.macbiophotonics.com) softwares. All the assays were 414 performed at least in triplicate. 415
Quantitative reverse transcription polymerase chain reaction (qRT-PCR). Amoeabe were 416 infected in 24-wells plates as described before. Samples were harvested at different times 417 post-infection by scraping amoeba cells from the well surface and by resuspending the 418 samples in RNAprotect bacteria reagent (Qiagen GmbH, Germany). Total RNA was extracted 419 using the RNeasy Plus Mini Kit (Qiagen GmbH, Germany) as described by the manufacturer. 420 The RNA samples were treated with the DNA-free kit (Ambion, Applied Biosystems, 421 California, USA) to remove contaminating DNA from the RNA preparation. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 The analysis of mRNA quantification was performed by a one step reverse transcription polymerase 423 chain reaction using the One step MESA GREEN qRT-PCR MasterMix Plus for SYBR® assay 424 (Eurogentec, Seraing, Belgium). The design of the specific primers listed in table 1 was done with 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  Several images from one experiment performed at least in triplicates have been analyzed for each  479   protein.  480   481   References   482   483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526 Bailey, L., Gylfe, A., Sundin, C., Muschiol 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  Tables   602   Table 1 . List of primers used in qRT-PCR 603 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 47 48 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 bacterial population is only composed of RBs as shown in supplementary figure 1. (B) The ratio 638 between 16S rRNA, gyrB/ hsp60-1/secY/rpoB/ hc-1 RNA and 16S DNA was calculated at each time 639 and showed that only 16rRNA is expressed constitutively by exhibiting a ratio 16rRNA/16S DNA of 640 about 1 at each time of the replicative cycle. (C) Temporal transcriptional expression of gyrB/ hsp60-641 1/secY/rpoB/ hc-1 normalized to the expression of the internal control 16S rRNA. A significant 642 increase of expression of the essential housekeeping genes gyrB/ hsp60-1/secY/rpoB is observed 643 during the early to mid-phase of the replicative cycle when EBs differentiate into RBs and during the 644 first-phase of exponential bacterial growth. As previously shown in C. trachomatis, the gene encoding 645 for the histone-like protein Hc-1 exhibits an increased expression in the late mid-phase when RBs re-646 differentiate into EBs. 647 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 expression during early and mid-phase and a significant increased expression during the late-phase. 665 Cluster E is composed of genes that are transcribed during the early and beginning of mid-phase. 666
Figure legends
Finally, the cluster M includes genes that are expressed in the mid-phase. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 proteins and the intensity of the signal obtained with total anti-Parachlamydia antisera. The results 775 were normalized to 1 at 8h post-infection. 776 777 Page 33 of 43 Cellular Microbiology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Imaging Facility (CIF) of the University of Lausanne for confocal microscopy. 781 782 Page 34 of 43 Cellular Microbiology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Fig 2. Expression analysis of several housekeeping genes during an infectious cycle to identify the optimal internal control for quantitative reverse transcription analyses (qRT-PCR). (A) Fold increase of 16S rRNA, gyrB/ hsp60-1/secY/rpoB/ hc-1 mRNA transcripts and of 16S DNA during a replicative cycle of Parachlamydia within A. castellanii. DNA extraction was performed with (16S DNA + Lyz + protK) and without proteinase K (16S DNA + Lyz) to obtain DNA extraction method similar to RNA extraction which cannot be performed with proteinase K treatment. Proteinase K treatment is essential to obtain complete lysis of EBs. The fold increase was normalized to 1 at 16h since no difference between samples treated with and without porteinase K is observe at 16h post-infection when the bacterial population is only composed of RBs as shown in supplementary figure 1. (B) The ratio between 16S rRNA, gyrB/ hsp60-1/secY/rpoB/ hc-1 RNA and 16S DNA was calculated at each time and showed that only 16rRNA is expressed constitutively by exhibiting a ratio 16rRNA/16S DNA of about 1 at each time of the replicative cycle. (C) Temporal transcriptional expression of gyrB/ hsp60-1/secY/rpoB/ hc-1 normalized to the expression of the internal control 16S rRNA. A significant increase of expression of the essential housekeeping genes gyrB/ hsp60-1/secY/rpoB is observed during the early to mid-phase of the replicative cycle when EBs differentiate into Page 37 of 43 Cellular Microbiology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 RBs and during the first-phase of exponential bacterial growth. As previously shown in C. trachomatis, the gene encoding for the histone-like protein Hc-1 exhibits an increased expression in the late mid-phase when RBs re-differentiate into EBs. 233x277mm (300 x 300 DPI)
Page 38 of 43 Cellular Microbiology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 The cluster EL exhibits a marked reduction of mRNA amount during the mid-phase followed by an increased expression in late-phase. Cluster L is characterized by a basal expression during early and mid-phase and a significant increased expression during the latephase. Cluster E is composed of genes that are transcribed during the early and beginning of mid-phase.
Finally, the cluster M includes genes that are expressed in the mid-phase. 263x174mm (300 x 300 DPI)
Page 39 of 43 Cellular Microbiology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 58 59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Fig. 6. Quantitative immunofluorescence microscopy. Proteins are labeled by immunofluorescence staining with specific mouse polyclonal antibodies. A series of images of multiple focal planes covering the entire thickness of the sample were collected by z-stack confocal microscopy. Using the ImageJ software, a Zprojection composed of the summing of the slices is generated. The region of interest (ROI) including only the signal of intensity emitted by the bacteria is defined. A histogram of the ROI composed of the signal intensity on the x-axis and of the frequency on the y-axis is generated. A mean value and a standard deviation of the histogram of the frequency distribution of fluorescence intensity are also generated. This method allows the accurate measurement of protein expression at the single cell level. 164x491mm (300 x 300 DPI) Page 44 of 43 Cellular Microbiology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 The level of sctU/copB transcripts is almost undetected suggesting than the transcriptional expression of these genes is highly reduced during the mid-phase of the cycle. In the contrary, the transcriptional expression of the gene encoding for the putative effector protein Pkn5 is significantly induced. Late-phase: A basal expression of the genes sctC/D/J/T/S/R/L that were highly expressed during the early-phase is observed whereas an increased transcriptional expression of the genes sctV/N/Q/F/W/U and copB (or CopB2) is measured during the late-phase of replication. (B) Relative T3SS proteins content during the 3 different phases of the cycle. The T3SS is a multi-component complex machinery containing protein with Page 48 of 43 Cellular Microbiology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 diverse functions and in varying quantities. A varying stoechiometric composition of the T3SS could likely define the functionality of the apparatus. The levels of proteins in bacterial cells are controlled by multiple mechanisms and are defined by both the rate of protein synthesis and protein degradation, which are varying with the physiological status of the bacteria during a growth cycle. The relative protein content of the T3SS in EBs is likely similar to the protein content observed during the late-phase of the replicative cycle when RBs redifferentiate into EBs before cell lysis and bacterial release in the extracellular milieu. During that time, the T3SS is likely not required for secretion of bacterial effectors and is maintained in a dormant state ready to be activated. Upon cell contact and bacterial internalization of EBs, the T3SS is likely quickly activated to allow rapid secretion of effector proteins to modulate host cell functions. Rapid de novo synthesis of some T3SS components likely occurs during the critical early-phase of bacterial infection to promote bacterial survival, differentiation, maturation and initiation of replication. The subversion of host cell defense mechanisms has likely to be operated during the early-phase of the infection to ensure bacterial evasion from the lytic pathway. In mid-phase, once the bacteria have established conditions allowing efficient bacterial replication such as replicative vacuole maturation, subversion of host cell defenses and establishment of systems allowing efficient scavenging of host cell nutrients, the importance and the number of T3SS per bacteria are reduced. 293x440mm (300 x 300 DPI)
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